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INTRODUCTION
Recent studies (Daniels and Saunders, 1951 $ Daniels, Boyd, and Saunders, 1953 $ Saunders, 1953 Pitrat, 1956; and Zeller, Wray, and Daniels, 1957) have shown that a study of the thermoluminescence of minerals and rocks can provide information applicable to problems in stratigraphy, geologic age determination, and geothermometry. It has been established that some minerals have electron traps that are the result of imperfections in the crystal structure such as vacant lattice sites, interstitial atoms, foreign atoms in either interstitial or substitutional positions, and dislocations (Seitz, 1952) it is activated by irradiation with the light from a mercury arc until the electron traps are filled. After activation of the sample the box is removed from the coolant and placed in the dark before an electron multiplier tube. The heater is then energized and the sample is heated at a constant rate to produce luminescence. A glow curve is obtained by recording the intensity of the luminescence as a function of temperature. Daniels and Saunders (1951) described a similar apparatus in "which glow curves are obtained from room to incandescence temperatures from a sample spread on the surface of an electrically heated silver block.
Sample materials are reactivated by X-raj^ gamma-ray, or ultraviolet light irradiation before being placed in the apparatus. In a later design by Daniels ; a tungsten strip is substituted for the silver block in order to obtain a higher heating rate and increased sensitivity. Heckelsberg (1951) has described an apparatus that permits a sample to be reactivated at liquid air temperatures with X-rays, and that will yield glow curves from liquid air to room temperatures.
In the present paper an apparatus is described that will record the thermoluminescent properties of a sample in the form of a powder or single crystal, at temperatures from -100° C to +^-00° C at either fast or slow controlled heating rates. It has provision for the irradiation of the sample with X-rays or ultraviolet light and for the measurement of the induced luminescence during any part of the experiment. Upon termination of the irradiation the measurement of the luminescence can be continued and rapidly decaying phosphorescence can be detected. In all of these experiments the sample remains undisturbed and the problems associated with the heterogeneity of the sample are thus reduced.
We wish to acknowledge our discussions of the problems in measuring thermoluminescence with C. L. Christ, U. S. Geological Survey, and The largest unit, the barrel, is a machined brass cylinder 8 1/2 in.
long with a diameter of 3 1/4 in* and has a 3/4 by 1/4 in. flange on each endo Inside the barrel is a brass diaphragm 2 1/4 in. from the bottom face. The diaphragm has a l-in» diameter aperture with a circular shutter that can be opened or closed from outside the barrel by means of a knob.
A gas manifold containing eight ports is at the base of the barrel.
Its purpose is to direct a flow of inert gas onto the sample stage. Gas is introduced into the manifold through a fitting soldered into the (2) tube socket, (3) photomultiplier tube, (4) gas exhaust valve, (5) shutter, (6) thermocouple, (7) X-ray collimator, (8) gas inlet, (9) gas manifold, (10) water connections, (ll) sample stage, (12) -water conduit, (13) heating element, (l^) -water cooling coils, (15) filter adapter, and (l6) ceramic plugs for electrical connections. 25255
A brass tube of 3/8~in<> inside diameter is soldered into the side of the lower chamber at an angle of 26 with the axis of the "barrel at a point 1 inch above the base 0 This tube acts as an X-ray eollimator and permits irradiation of the center of the stage with X-rays. The tube is closed at the outer end with a beryllium foil 0»OQ7-in* thick to make it light-and gas-tight* This foil is transparent to X-rays.
Opposite the X-ray collimator and similarly mounted is a tube of 3/it-in, inside diameter that is used principally to allow light transmission to and from the sample through the barrel wall. This tube is also useful for final positioning of samples and adjusting thermocouples before an experimental run. An adapter 9 fitted to the tube, will accommodate one or more 2-by-2-in. light filters. These filters are useful for restricting the wavelengths of the light that strike the sample and for spectral analysis of the thermoluminescent light. The tube is normally closed with a black rubber stopper when light from the room cannot be tolerated.
Temperature measurements are made with two chrome 1-alumel thermocouples in the sample chamber* The leads of the thermocouples are connected to a terminal strip on the outside surface of the barrel and enter the sample chamber through a light-and gas-tight ceramic plug mounted in the barrel wall. The ceramic plug and terminal strip have provision for additional leads for electrical conductivity measuring apparatus. In addition, the barrel is water-cooled to protect the photomultiplier tube and ring seals from damage. The water flows through a three-turn coil . soldered around the base of the barrel. The photomultiplierj microammeter, and time-base generator are all powered by batteries in order to reduce the pickup of stray currents and thus to increase the stability of the servo system.
The charts for the recorder are printed on cards 12 inches long.
With the chart in this form, the drive sprocket holes along its edge may be punched and the chart Indexed and sorted as an edge-punched card.
OPERATION
The apparatus is designed to perform three basic thermoluminescence experiments: (l) to heat a sample at a constant rate and measure the light emission as a function of temperature-that is, to produce the glow curve;
(2) to irradiate the sample at a known temperature and measure the light 6 ). When X-ray irradiation is desired, the apparatus is mounted on a standard camera track of an X-ray diffraction unit ( fig. 7 ) so that the X-ray beam passes through the X-ray collimator in the barrel wall and strikes the sample. As the photomultiplier is only sensitive to wavelengths between 3000 and 6600 A, it will not record X-ray photons. When ultraviolet light is used for excitation, the apparatus is positioned so that the light source is adjacent to the filter adapter. Filters are selected and mounted in the adapter that will transmit only the desired wavelengths to the sample. In addition, a filter can be placed on the diaphragm between the photomultiplier and the stage to absorb reflected light from the sample stage.
PERFORMANCE
The following data illustrate the performance of the apparatus:
(1) Maximum constant heating rate: 2,7° C per second* (2) Optimum maximum temperature of stage: ^00° C* (3) Average cooling time from 400° C to room temperature: 2 1/2 minutes.
(4) Optimum minimum temperature of stage: -100° C» (5) Maximum light sensitivity (at ^900 A): 1J-,2xlo" i2 lumens per chart division.
(6) Noise at maximum sensitivity: 5»0 chart division or 2.0X10" 11 lumens. 
